INSTRUCTION should be an imfc portant component in the education of gg, today's undergraduate students. There £ is not only a definite trend toward more i? undergraduate independent study but also a growing need for continued -learning in years beyond one's formal education. 1 -~ Without library skills, a person is likely to use and reuse only a minimum number of library resources. . While fundamental instruction in the use of the card catalog, Readers Guide, and other basic reference and indexing tools is essential, it is important that colleges and universities go beyond this and develop in students a more sophisticated understanding of the library. 3 To be effective, instruction in the use of the library needs to be an integral and fundamental part of the course ; (?•• work. Course assignments should be designed to get students to use patterns of behavior felt to be desirable in efficient
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use of the library. 4 Here a great deal of responsibility rests with the faculty because:
If he (the student) can successfully complete the academic program by reading the text, attending lectures, and passing an examination based on text and lecture, there is little stimulus for him to build competence in research or research tools. 5 This library instruction beyond the introductory level should provide an opportunity for the student to carry out the actual steps of a library search. In fact, the study described here attempts to measure the effectiveness of a library instruction technique designed to have students learn by doing. The study was carried out at Earlham College using a class of approximately 190 students in a general biology class which the students took as part of their general distribution requirement in science.
CONTENT OF THE LIBRARY INSTRUCTION
In planning any program of library ./465 instruction, it is necessary to develop a list of the skills and knowledge to be taught. The following list describes the information which the faculty and librarian thought to be important for the students of the Introductory Biology course. This list was developed out of our experience with the scientific literature and several years' observations of the ways in which undergraduates can make the most effective use of this literature.
I. 
METHOD OF LIBRARY INSTRUCTION
On the basis of the registration figures for the enrollment in the Introductory Biology Laboratory sections, two groups were formed for the purpose of comparing two methods of library instruction. The students had been tested on library skills learned in high school and no significant difference was found between the two groups. Both groups were then given library instruction during the first full week of classes. The instruction consisted of either a twohour lecture demonstration by the librarian or a guided exercise done by the students individually at their own speed in the library. Identical information was presented in both forms of instruction. 4 The Lecture-Demonstration
The lecture-demonstration was a twohour presentation covering the essentials of the search strategy plus the mechanics of using the reference tools and card catalog. The reference tools were presented in the same order they were likely to be used when carrying out a search. Transparencies were used to illustrate pages from the reference tools.
The students who received the lecture-demonstration were assigned the following readings to be completed before they came to the lecture session.
1. "Bibliography of Basic Reference Sources." This is an annotated bibliography, which the librarians had prepared, of the most important encyclopedias, dictionaries, bibliographies, and periodical indexes the students were likely to use. Annotations briefly described the titles, their functions, and pointed out their limitations.
2. "The Card Catalog." This is a brief discussion of the card catalog designed primarily to introduce the students to guide cards and check tracings in the subject half of the card catalog. 
The Guided Exercise
This was the experimental method and was designed to guide the student through an actual library search on a particular problem. By doing this, we hoped to show him and have him experience using the methods considered appropriate for library research. This educational tool, called here the guided exercise, is a cousin to the programmed instruction technique which has proven so useful in recent years. However, the guided exercise depends on more than just going through printed frames at one's place of study. It requires the student to go to the library and actually carry out a series of steps which encompass an appropriate search strategy as outlined earlier. 
C3
Invertebrate Structure and Function Barrington Sci/QL/364/B3 The list of books we have developed provides a substantial list of tertiary and secondary sources useful to this topic. Normally the next step is to sift through the material you have collected and to pick out , the important information and bibliographic sources that lead to additional information.
The guided exercise is divided into three sections. Section 1 emphasizes the starting places in library research: texts and/or encyclopedias. In dealing with the encyclopedia, the use of the index and the value of the bibliographies are covered. The card catalog is introduced as a locating device and is later used as a subject index to the library's collection. In the use of the card catalog, the value of the Library of Congress List of Subject Headings is emphasized. In addition, the use of tracings as a method of identifying subject headings is illustrated. The annual review as an important class of literature is stressed and its use to undergraduates is indicated.
Section 2 of the guided exercise deals with the use of the Science Citation Index. In addition to showing how it works and how it may be useful, stu-are introduced to the library's seriSection 3 is concerned with the use of -Biological Abstracts and the skills needed to make effective, efficient use of it. This section begins by typifying a key word index, specifically the key word index of Biological Abstracts. An illustration of how a subject must be analyzed for key words to use in searching Biological Abstracts is included. The organization of the abstracts found through the index is also presented.
It should be noted that the guided exercise is not entirely self-sufficient. There are other materials used in conjunction with the guided exercise. These additional materials are the same as those assigned to the lecture group. The difference being that the students in the exercise group read them when appropriate as they did the exercise while the J. lecture group students read all the items 1 before coming to the lecture-demonstration.
EVALUATION OF THE LIBRARY INSTRUCTION
While the library instruction was given during the first week of classes and there were several informal opportunities to make use of the instruction for class work, the first real opportunity came with the first examination. This exarn consisted of a single essay question on a specific subject related to the general area of the subject being studied. Four examples of the questions used follow. 2. Populations can be controlled externally by density dependent factors as well as by factors independent of density. Or populations can be controlled from within by factors which are generally density dependent. Go to the literature, which can be found in journals, and select and describe three examples of populations which are controlled by external factors. State the factors, describe the population and their fluctuations with respect to the factors. Do the same for three populations which are controlled by internal factors. You may want to begin your literature search with a secondary source; however, no answer which stops with a secondary source and does not consult the primary literature and document the example as such will be acceptable. When you have accurately described your six examples with the data, you may write a 200-word summary on the significance of factors which control these populations. The students were asked to spend approximately five hours in the library researching the assigned topic. Then, on the basis of the data collected, they were to write a paper, of no more than 1,250 words.
This type of examination was repeated three more times, making a total of four questions for the two terms. The faculty graded these exams. In addition, the librarian evaluated the bibliographies of a randomly selected sample of the students in the two groups. The bibliographies were evaluated on the basis of five criteria: (1) the appropriateness of the references cited to scholarly work in science and biology; (2) the inclusion of the most important secondary sources; (3) the inclusion of a variety (within certain limits) of primary sources; (4) the total number of references; and (5) the format of the bibliography.
The results of the evaluation of the bibliographies which accompanied the papers written for Library Exams 1 and 2 are recorded in Table 1 . The means for the bibilography scores for Exarrf 1 were 18.60 for the lecture group and 16.34 for the exercise group. A test for significance of difference showed that the difference was not significant. On the second exam the bibliography scores of 20.13 (lecture group) and 21.63 (exercise group) were significantly different 1 at the .20 level of confidence. At the beginning of the second term of the course, two library tests were given. The first, "Library Test Number One," was the traditional multiplechoice-matching type, and was constructed by the experimenter. The second exam was titled the "Controlled Association Exam" or "Library Test Number Two." This controlled association technique was first developed by W. S. Verplanck, Department of Psychology, University of Tennessee. 6 It makes use of a procedure which Edward Green, Institute of Educational Technology, Teachers College of Columbia University, refers to as "controlled association." Briefly, it consists of presenting a list of stimulus words to the student. The student is instructed to respond to a stimulus word by writing down up to four words which he thinks are most meaningfully associated with the stimulus word in the context of the course.
The responses are tabulated and a score is assigned to each of the response words. For those words which ar e uniquely good associations, a score or three points is assigned. 'responses, a score of one is assigned. Clearly, the decision as to what constitutes a uniquely good or a uniquely erroneous response to a given stimulus • word is subjective. However, it is probably no more subjective than a determination of any other response where oth-' ; er testing techniques are employed.
The advantages of this procedure are . twofold. First, scoring can be automated, thereby yielding the reliability and ease of other objective testing methods • such as multiple choice. Second, the universe of responses from which the student may choose what he believes to be • correct is not limited, as in multiple choice, which presumably gives some of " the advantages of the short answer, essay-type examination. There are two drawbacks to this procedure. One is that if students are aware of the nature of the examination, they . may prepare for it simply by learning •# a set of associations by rote. In this
: -study the students were unaware of this type of examination before they actually took it. The second disadvantage has to do with the volume of material which is collected from a group of students in one of these testings. The sheer number of responses calls for computer ; tallying and scoring. ! The results of these two tests are in-• eluded in Table 2 . In summary, the differences that exist are not significant and the test results therefore do not demonstrate the superiority of either instructional method. In order to get some feedback from students, a student evaluation of their library instruction was given at the end f. of Term II. In addition, the biology faculty gave a student evaluation of the entire course. This latter evaluation included some questions on the library component of the course. On the library's evaluation form students were asked to rate the library instruction which they had received. Two of the questions provide the most useful information; this is presented in Table 3 . This table gives the percentages of students who checked the various categories.
The student evaluation results (Table  3) indicate that the students* opinions of their library instruction did not differ significantly. Also, their opinions as to what they learned do not differ between the two groups. A significant difference does appear when asked whether the students had personal help from the librarian (Table 3 ). Of the group that had the guided exercise, only 43 percent had personal help, while 65 percent of the lecture group had such help. There are two possible explanations. One, the exercise group may not have needed as much help; however, the results of the students' opinion of what they learned conflicts with that reason. Second, the lack of extended (two hours) contact with the librarian during the lecture may have inhibited the guided exercise students from asking questions. Which mechanism is operating here remains an unanswered question but is one which deserves serious investigation. Table 4 presents a portion of the results of a much larger evaluation which i.
*;
the biology faculty carried out covering the entire Biology 11 and 12 course. The portion included here covers the students' responses to questions about their opinions of the examinations. The students' overall evaluation of the library component of the course as revealed in the second student evaluation was very positive. This enthusiasm is quite encouraging since they also felt that the library examinations required more work then other hour exams.
CONCLUSION'S -•s
It is expected that a carefully designed instructional program which takes into account a clear set of objectives and the structure and objectives ol the course in which the program is usec should be a superior method in comparison with the less original, more straight; forward lecture. However, the result of the experiment do not provide cause for selecting the exercise over the ' e i ture. Of the four different sets of evaluation results, three show no difference of significance, while for the one that did, the level of significance was low (.20 level). Table 5 presents the T-test for significance of difference calculated from the four sets of data, The students' evaluation of their library instruction and of the library aspects of the course also provides no basis for choosing one method over the other. As was discussed earlier, the lecture group did ask for more individual help than did the exercise group. However, because there may be factors at work other than the superior skills of the exercise group, it is not possible to use the student evaluation results to support any claims about the superiority of one method over the other.
One must conclude, therefore, that the instructional method is superior neither in its ability to teach the use of the library, nor in its ability to promote an appreciative attitude toward the library. Thus, any decision as to which method to use in subsequent classes must be based on other criteria.
•* The faculty and the library staff have continued to use the guided exercises in teaching the use of the library to general biology students. Once it was established that the exercise would do as adequate a job as the lecture, we began to look at other factors which might recommend one method over the other. In the following paragraphs, the reasons we have continued to use the exercise are outlined. In addition, some improvements in the program that were implemented in later years are discussed.
The criteria used in making a judgment as to which method to use included: (1) the time needed to prepare the materials necessary for teaching under the two programs; (2) the student time spent in the instructional program; (3) flexibility of the two methods; and (4) the potential burden caused by the guided exercise's reliance upon actual use of the library during the instruction.
The time spent in preparing the exercise and the lecture, because of their great similarity, was essentially the same. Therefore, initial investment of time is the same. The long-term investment of time, however, would be greater for the lecture method. The exercise, once prepared, needs only minor revisions. Related to this is the flexibility which the program permits: Any time an individual student or group of students needs the instruction, the guided exercises are available. Furthermore, a student can proceed at his own pace. Because of its division into three parts, it can be done in stages so that the entire four or five hours needed for completion does not need to be invested at one time. Furthermore, if a student needs instruction on only one aspect, he need do only the appropriate section of the exercise.
The amount of time students spend during the instruction is obviously greater for the exercise method. This is, unfortunately, inherent in the nature of the exercise, and little can be done except for some internal improvement in the program.
Finally, the question of whether the exercise burdens the library collection, especially key items that every student uses, must be faced squarely. Is the library willing to have certain items used as heavily as is required for the use of the exercises? There are certain steps that can be taken to alleviate the problem. These steps include: (1) When large groups of students are involved, give the exercise to part of the group at different times; (2) have several exercises in widely different areas; (3) purchase multiple copies of the most heavily used items. These measures will not solve the problem; they will only reduce its seriousness.
IMPROVING THE INSTRUCTIONAL PLAN
In order to make the exercise method of instruction more efficient and useful, certain necessary changes were carried out when the program was repeated. These changes included:
1. Additional guided exercises in other subject areas were written. These new exercises were on: "internal factors in population size control" and "chromosome mapping using mitotic recombination." This variety, as suggested earlier, did help to relieve much of the crowding and heavy use of some materials. This did not, however, prevent heavy use of the basic tools-encyclopedias, dictionaries, the card catalog, and periodical indexes.
2. The assignment of the exercise was spread out over a two-week period. Because the exercise was considered a laboratory assignment it could be alternated with another laboratory assignment. In this way one-half the class did the library exercise one week while the other half of the class did another laboratory assignment. The next week the assignments were reversed.
3. One of the major failures of the initial experiment was the faculty's ignorance as to the best sources for the examination questions. In order to correct this problem and to help insure that only questions which could reasonably be answered on the basis of the library's holdings were used, all questions were searched by the library staff prior to giving them to the students. This search made possible a more detailed evaluation of the bibliographies associated with the examination questions.
It is significant that a study of the correlation between the grades received from Uie faculty on the library examinations and the bibliography scores received from the librarian revealed greater correlation in the second year than in the first. 
